Index-guiding photonic crystal fibers (PCFs) with appropriate structural parameters support the fundamental and second order modes over a practically infinite wavelength range. The potential applications of such PCFs are discussed.
INTRODUCTION
An index-guiding photonic crystal fiber (PCF) has a solid core surrounded by a holey cladding region. A typical indexguiding PCF is fabricated by stacking silica capillaries periodically in a hexagonal close packed array and replacing the central capillary with a solid silica rod of the same outer dimension 1 . This PCF is characterized by two parameters, i.e., the hole-spacing or pitch and the relative hole-size d/ . For a small relative hole diameter, i.e., d/ <0.45, such a fiber support a single mode for any wavelength 2 , independent of the value of . This allows for the development of single mode fibers with mode field diameters designable from 5 to 35 m [3], which are useful for a number of applications including single mode power delivery. With large d/ s and small s, the PCFs can be made to have very small mode field area and with anomalous dispersion in visible & near infra-red regions [3] [4] [5] [6] . These fibers have very high effective nonlinearity and have been used for super-continuum generation. Similar small core PCFs have also been used for evanescent wave devices and sensor applications 7, 8 . In this paper, we report our findings that the PCFs with intermediate d/ s support two-modes over extremely broad wavelength ranges and discuss the possible applications of such PCFs. between the cut-off lines of the second and the third order modes, the PCF supports both the fundamental mode and the second-order hybrid mode comprising of four true modes as shown in Fig.2b . This two-mode region corresponds to d/ from approximately 0.45 to 0.65. Within this range of d/ , the PCF supports only the fundamental and the second-order modes for wavelength satisfying < c , where c is the cut-off wavelength of the PCF, corresponding to the cut-off line of the second order modes as shown in Fig.1b . This two-mode property holds for any value of , as long as the d/ is within the specified range as shown in Fig.1b . Take d/ =0.55 as an example, the fiber supports two modes for / > / c 1.6. This corresponds a two-mode wavelength range of < c with c approximately equals to 1.9 and 3.3µm for =3 and 5µm, respectively. These wavelength ranges are practically infinite for silica fibers as the loss of silica material become very large for wavelength beyond 1.8µm. Fig.2 shows the mode field patterns of the first and the second order modes for a PCF with =5µm and d/ =0.6, at wavelength 1550nm. For the same set of parameter, the beat lengths between the fundamental and the four second order modes, defined as the lengths of fiber over which the phase difference between the respective modes changes by 2 , as functions of wavelength are shown in Fig.3 . The four curves in Fig.3 are almost identical, indicating the approximately degenerate nature of the four second order modes. 
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